Abstract Phosphorus-31 nuclear magnetic resonance spectra, relaxation times and nuclear Overhauser (}40E) enhancements have been measured for E. coli ribosomes, subunits and rRNA. NOE and T experiments reveal that the phosphorus relaxation in this organelle is largely dipolar in origin. Moreover these results imply the presence of internal motion within the RNA chain with a correlation time of about 3-5 x 10" 9 sec. In all cases the predominant resonance is centered at about -1.5 ppm (relative to 85% H POJ as expected for a phosphodiester linkage where there is a large degree of^double helix. The linewidth narrows by about a factor of four when the ribosomal proteins are removed indicating a substantial immobilization of the RNA when it is assembled into the ribosome. In addition to the phosphodiester resonance, ribosomes also reveal one or two narrower resonances shifted to low field by 1-4 ppm. Based on the observation that these resonances show a pH dependent chemical shift, we assign them to phosphate memoesters i.e. terminal 3 1 or 5' phosphate groups. These terminal phosphates are due to short oligomers of RNA derived from the terminus of the chain.
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or 124% in the extreme narrowing limit (26) . If dipole-dipole interaction provides the dominant relaxation mechanism the NOE does not depend on the number of hydrogens or r, the P -H distance. Furthermore, outside the extreme narrowing limit the NOE does depend on the overall motion of the P containing molecule and, as shown in Figure 1 , the NOE approaches unity for slowly moving macromolecules (x R ,TQ^,l0sec where TR is the overall rotational correlation time and T G is the correlation time for internal motion). However, if the P -H vectors within the slowly moving macromolecules are not rigidly fixed, that is if there are one or more degrees of internal motion (Tg<10 ) sec), then the P-( H) NOE may be observed (( 27) and Fig. 1 ). Hence the nuclear Overhauser enhancement is a sensitive and unique measure of the degree of internal motion. Table 1 Other possible contributions to relaxation are discussed below.
The observation of an NOE effect also reveals that the RNA chain within the ribosome undergoes a significant degree of internal motion.
From Figure 1 and a consideration of the overall reorientation time (x_), which is on a timescale much longer than 10 sec for large macromolecules like the ribosorae (39) , an NOE will only be observed when the correlation time for internal motion (x_) is less than 10 sec. The observed NOE for G q the 70 S ribosome (1.32) indicates a TQ of about 10 sec, that is the internal motion is two or three orders of magnitude faster than the overall rotational tumbling of the organelle in solution. The NOE value for the protein free 16S RNA is somewhat larger than that of the free 30S subunit suggesting that the proteins restrict in some manner the internal motions A precise definition of the internal motion in the RNA chain is not Table I .
The free 16S RNA shows essentially the same NOE enhancement in both cases.
Thus the dipolar coupling of the RNA phosphorus must occur principally with non-exchangeable protons. Crystallographic studies (29) Nonetheless, these results show that rRNA in situ and in solution sense the isotope effect differently leading to the conclusion that the microenvironment around the nucleic acid phosphates is different in the two cases.
An increase in the contribution from other relaxation mechanisms (e.g. Table 2 31 NMR should provide a very useful tool towards the study of the structure and dynamics of ribosomes.
